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A low-speed investigation has been made on a highly-swept arrow- 
wing model t o  determine the  e f f ec t  of Wing leding-edge contour and 
ve r t i ca l - t a i l  configura5ion on the  aerodynamic cha rac t e r i s t i c s  i n  pi tch 
and s ides l ip .  
deflected over a range of angles of attccit from 8' t o  32'. 
were made at a Hach number of 0.13, which corresponds t o  a Reynolds 
The investigetion w a s  ma& with the  trailing-edge f l aps  
The tests 
6 number of about 3 x 10 based on the  w:cg reference chord. 
The results shared the basic Wing :onfiguration had a pitch-up 
tendency tha t  begen about 1l0, a m d l f i c a t l o n  t o  t h e  wing which increased 
the  leading-edge rdicls and camber extended the  angle f o r  pitchup t o  19'. 
A leading-edge f l e p  used i n  combination with the  greater radius 
prac t ica l ly  eliminated t h e  ;;i+f-h-up ten?ancy. 
resulted i n  favorable increases in the lift-drag r a t i o  and undesirable 
The modified leading edges 
increaaee in the angle of attrzk and pitching+nunent coefficient for a 
giVen lift cbefficient. 
caused a loss of lift which WBB destabilizing in pitch, but the use of 
the vertical tails with the basic d a g  provided god directional 
stability. 
for a l l  vertical-tail coofiguratioas end the directional stability was 
decreesed even more by deflection of the leading edge. 
the outboard vertical tails above the engine nacelles reduced both the 
longitudinal and directional stabillty. 
w i t h  a relatively smelJ. centerline Vertical tail provided directional 
stability to a lift coefficient of 1.35. 
The presence of the 0utboez-d vertical tails 
The thickened leading edge reduced the directional stability 
Positioning 
A farebody strake in conbination 
The modified leading edges caused large reductions in dihedral 
effect with the outboard vertical tells off, however, above lift 
coefficients of 0.6 there was little difference in dihedral effect. 
The Hational Aeronautics and Space Administration has made studies 
of vcllrloua aer-c configurations over the pest several years in 
m a w  of the supereonlc treneport program. 
appearr highly promising fmm ouper6unic considerations is the blended 
wing-be concept which is described in reference 1. 
inveetigetion at transonic speeds (reference 2) have indicated the 
configuration we8 Jongitudinally stable at Mach numbers greater than 0.9: 
but exhibited decreasing stability (pitch-up tendencies) as tne Mach 
number wa8 decreased to 0.5. Low-speed testa of t u  confiwation 
One configuration which 
Results of an 
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designated, SCAT=lSF , indicated a complete loss  of longitudinal 
atabilitg at ' l ir t  coeit icients abovt 0.2. 
partdally cantrolled with aid of l a - e  flaps. 
ut i l i sod  upwerd deflecting trdliag-edge flaps for trim at nigh-lift 
coefficients. 'Phis arrangement resulted i n  l o w  lift-drag ratios and 
undesirable high angles of attack far landing d teke-off att i tudes.  
Additional research WSB conducted on this configuration u t i l i z ing  
p i t i v e  lift trailing-edge flupa in  conjunction with a canard for 
longitudinal t r l m ,  the  results, however, were generally unsatisfactory 
es indicated in zeference 4. 
The loss i n  s t ab i l i t y  was 
The design 
The original 15F configuration was redesigned i n  1968 t o  incorporate 
changes which were expected t o  imprave the low-speed performance without 
serious penalties t o  the high-speed potential. 
(SCAT 15F-9898) when compared t o  t h e  original 1- had increased s ize ,  
decreased sweep of the wing t r e i l i ng  edge, and increased wing leading-edge 
radius. 
ventral f i n ,  and a s m a l l  horizontal tai l  for longitudinal control. 
low-speed investigations were made with the l a t e r  version (0.03-scde model) , 
the results of which are reported i n  references 5 t o  10. 
i n  the i n i t i a l  investigation (reference 5 )  that  the pitch-up tendency 
evident in the earlier investigations of SCAT 15F was s t i l l  prevalent i n  
the 153-9898 vereion, although materially reduced. 
spent in trying t o  reduce the pitch-up tendency through the  use of thicker 
leading eQes  and larger more effective horizontal tails. 
configcrration is illustrated in figure 8 of reference 9 i n  which a thick 
The redesigned version 
The later version also incorporated wing leeding-edge flaps, a 
Several 
It was observed 
Considerable e f for t  was 
One possible 
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leediag edge wae used in conJunction with a leading-edge flap, a large 
horiaontel tail, end a lengthened aft iuoelege. 
et relatively lap R e y n o l d s  mmhera. 
10) hae indiceted the pitch-up tendemcy m y  be a function of Reynolds number 
end has indicated the possibility of reducing the overall pitch-up moments 
by increesing the leading-edge Reynolrrs number either through increasing 
the leeding-edge radius or the flow Reynolds number. 
These data were obtained 
An earlier investigation (reference 
In the efforts to improve the longitudinal characteristics little 
attention was given to determine the effect of configuration changes on 
the lateral ~heracteristics. 
determined in sideslip that the directidnal stability can be adversely 
affected by changes in leeding-edge gemetry. 
reference 5 shm negative values of the directional-stability parameter, 
Cng , exist ebove 9' engle of attack with the leading edge deflected. The 
data of reference 6, however, show no losses for the undeflected leading 
edge, but show increasing values of C to 2' engle of attack. The 
large difference in the directional characteristics suggests that 
additional research is needed on highly swept dnga to avoid canpromining 
the directional stability to obtain desirable pitch Characteristics. 
It is apperent, however, Prom characteristics 
For example, the data of 
ne 
The present investigation was initiated to provide some insight into 
the effect of leading-edge configurations on the eerodynamic characteristics 
in sideslip. 
with several vertical-tail configuratione. 
were ccmputed from the tests made at sideslip angles of $5' for EUI engle- 
of=ottack range from about 8' to 32'. Tha correrponding longitudinal 
coefficients are d e o  included. 
Three leading-edge configurations were tested in combination 
Lateral-stability parameters 
\ 
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SYMBOLS 
The data ere referred t o  the stability-sxis system with the moments 
referenced t o  the point sham i n  figure 1, which corresponds t o  0.456c'. 
The agmbols are defined as follows: 
drag coefficient, CD @ 
CL 
Cn 
cne 
CY 
L i f t  lift coefficient, -
qs 
roll ingaanent coefficient, Rolling moment 
qsb 
effective dihedral parameter, - ACE , Per de8 
AB 
pitching-moment Coefficient, Pitching moment 
Yawinn moment 
qsb 
pawing-mcmnt coefficient , 
d i r e c t i d - e t a b i l i t y  parameter, ACn , per deg 
incremental yawing-moment coefficient due to  the 
addition of ver t ica l  tails 
Side force 
qs 
side-force coefficient, 
ACY siUe-force parameter, -, per deg 
l i f t -drag r a t io  
- AB 
Reference Dimensions: 
A 
b wing span, 45.648 in .  
C wing chord, 38.310 i n .  
aspect ra t io ,  b2 , 1.624 S 
- 
Q free-stream dynamic pressure 
S wing area, 8.908 sq ft (See figure 1 of reference 5 . )  
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Model Cmmnent Designation8 (See figure8 1 to 9.): 
body (short  nose and extended fuselage) Bs 
C local wing chord 
engine nacelles 
f2 forebody s t reke  
horizontal  t a i l  
E2 
H 4  
L1,2,3 leading-edge f l a p  
L6 wing t i p  f l ap  
*2 notch at wing-fuselage juncture 
t 
tl  ,f ti extended t o  represent a fowler f l a p  
'23 ,I 
'23 ,O 
v4 centerline v e r t i c a l  t a i l  
'6 
Wl 
f )  trailing-edge f laps  (tl,f = t2 = t3 = 2 1  , t 4  = 5 O )  
inboard v e r t i c a l  tail 
outboard v e r t i c a l  ta i l  
ventral  f i n  and rudder 
basic leading edge (radius = 0 . 0 0 2 ~ )  
modified leading edge (radius = 0.010~) 
modified leading edge deflected 30' 
w3 
W3'30 
Angular Designations : 
0 angle of a t tack  of wing reference l i n e ,  deg 
0 angle of s ides l ip ,  deg 
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MODEL AlVD SUPPORT 
. The model used i n  t he  invest igat ion is  a modification of the  basic  
arrow planform described i n  references 1 t o  6. These modifications 
include revisions t o  t h e  wing planform, wing dihedral ,  fuselage and 
model support. A three-view drawing of t h e  model is shown i n  figure 1 
and a photograph of the  model and support system is shown i n  figure 2. 
An overhead sting, coupling, and balance adapter were  u t i l i z e d  i n  order 
t h a t  a vent ra l  f i n  could be used with a closed af'terbody. The 'offset  
coupling w a s  provided with a free f loa t ing  fairing to  reduce the  wake 
effects. 
nose at s t a t ion  5.0 (see figure 3) w a s  108 inches long ending with an 
closed fuse lage-a t . s ta t fon  113 as shown i n  figure 1. 
The fuselage,  designated Bg , which originated with a drooped 
The wing had a broken leading edge with sweep angles s t a r t i n g  
5nboard of 74.0°, 70.5', and 60.0' and trail ing-edge sweep angles of 
O.Oo, 24.0°, and 36.7', respectively.  
s t a t ion  5.8 inches provided a means of obtaining bo of anhedral compared 
t o  the  model reported on i n  references 1 t o  6. 
A longitudinal cut a t  spanwise 
The leading edge of the  wing was equipped with a notch, N2 , a 
leading-edge f l ap ,  L1-3 , and a chord extension on t h e  wing t i p  as shown 
i n  figure 4. The basic  leading-edge contour, W1 , and the modified contours, 
W3 , shown i n  f igure  5 extended t o  spanwise s t a t ion  18.40; f l a p  W3 = 30° 
extended t o  s t a t ion  12.39. 
and t 3  , which were deflected 20° are shown i n  f igures  4 and 6. 
f l a p  deeignated, t 4  , In  f igure 4 was undeflected for  the  invest igat ion.)  
Detai ls  of t he  trailing-edge f l aps ,  tl, t 2 ,  
(The 
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The horizontal  t a i l ,  H4 , which was used throughout the investigation 
is shown i n  f igure ' i .  
Three ver t ic .a l - ta i l  configurations were used i n  t h e  invest igat ion 
end theee are i l l u s t r a t e d  i n  f igure  8. 
i n  two spanriec locations on the  wings as shown i n  figure 4. 
of the  wing trail ing-edge sweep t h e  
at the  inboard location, V Z ~ , ~   than a t  the  outboard location, V23,o . 
Vert ical  tail,  v6 and V 4  , a re  shown i n  figures 8(b) and 8 ( c ) ,  respectively.  
Vert ical  tail, V23 , was t e s t ed  
Because 
w a s  located f a r the r  forward V23 
Drawings of the  inboard and outboard engine nacel les ,  E2 , are 
presented i n  f igure 9. 
is  presented i n  Table I. 
Additional information on the  model components 
TEST CONDITIONS 
The investigation was conducted i n  t he  Langley high-speed 7- by 
10-foot tunnel which is an atmospheric f a c i l i t y .  
test section w i t h  a cross-sectional area of 63 square fee t .  
The tunnel has a closed 
The investigation was made at a dynamic pressure of 25 pounds per 
square foot which corresponds t o  a Mach number of 0.13 and a Reynolds 
number of 3.0 x 10 based on the witg reference chord. 
wide s t r i p  of No. 80 carborundum was placea about 1 inch aft of the  
leading edge of all  model ccmponents t o  insure turbulent flow i n  t he  
model boundary layer.  
inside surface of the  engine nacelles.  
6 A one-tenth inch 
The t rans i t ion  grit was also included on t h e  
8 
MEA-S AND CORRECTIONS 
.The aerodynamic forces and moments were measured by a six-component, 
e lec t r ica l  strain-gage balance housed within the model. The angles of 
attack were measured direct ly  by means of an accelerometer attached t o  
the model. 
Jet-boundary and blockage corrections calculated by the method of 
references 11 end 12, respectively, have been applied t o  the data with 
the exception of the Jet-boundary correction t o  the pitching moments. 
Recent t e s t s  have indicated a mal1 correction should be applied t o  
these data i n  the higher angle-of-attack range. The correction would 
tend t o  make the pitching moments s l ight ly  more positive. In addition, 
adJustments have also been made t o  the drag coefficients t o  account for 
the internal skin-friction dreg of the nacelles (a drag increment of 
0.0010 has been subtracted from the t o t a l  dxag c0efficiei.t of the model). 
No tares have been applied t o  the data t o  account for support s t ru t  
interference effects on the model. 
PREsElFTATIOm OF DATA 
The data obtained i n  the investigation are  presented i n  the following 
figures : 
Longitudinal characteristics 
Effect of sideslip angle. . . . . . . . . . . . . . . . .  10 
Effoot of wing leading-edge configuration . . . . . . . .  11 
Effect of ver t ical- ta i l  configuration . . . . . . . . . .  12 
Effect of forebody etrake . . . . . . . . . . . . . . . .  13 
9 
Figure 
Lateral-Directional Characteristics 
Effect of wing leading-edge configuration . . . . . . . . . 14 
Effect of vertical-tail configuration . . . . . . . . . . . 15 
Effect of fchbody strake . . . . . . . . . . . . . . . . . 16 
Contribution of the vertical tails to stability . . . . . . 17 
DISCUSSION 
Longitudinal Characteristics 
Only angle-of-attack runs at t 5 O  sideslip were made since the primary 
purpose of the investigation was to study the lateral-directional 
characteristics. However, one configuration was tested at 0' and 25' 
so that the eifect of sidesli? angle on the longitudid characteristics 
might be evaluated. The results of these tests are presented in figure 
10 for the basic wing configuration, W1 . 
longitudinal coefficients obtained at +5O sideslip represent quite closely 
the data obtained at 0'.
coefficients shown in figure 10, it would appear valid to use ott, - 
sideslip data for an evaluation of the longitudinal characteristics. 
It will be noted that the 
Because of the similarity in the longitudinal 
The effect of wing leading-edge configuration on the longitudinal 
characteristics arc presented in figure 11 for several vertical-tail 
arrangements. 
from previous experience, a pitch-up tendency (dCm/dCL increases 
positively as CL increases) beginning at 120 angle of attack. A change 
from leading edge W1 to W3 increased the angle of attack for pitchup 
to about 19' and reduced the overall pitch-up tendency. A 30° deflection 
of leading-edge flap, W3 , eliminated the pitch-up tendency with vertical 
The basic leading edge, W, * , shows, as would be expected 
tails removed as shown in figure ll(a), ORIGINAL PAGE 1s 
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The use of leading edges W3 and W3 = 30' i n  place of W1 for  
reducing the  pitch-up tendency resulted i n  favorable increases i n  the  
l i t t -drag  r a t i o  and undesirable increases i n  the angle of a t tack  and 
pitching-moment coeff ic ients  for e given lift coeffic! mt .  
example, the data shown i n  figure l l ( d )  for  t he  outboard v e r t i c a l  ta i l  
indicates that  at  a lift coeff ic ient  of 0.58, W3 
increase i n  l i f t -drag  r a t i o ,  a 1' increase i n  angle of a t tack  over W1 
and an increase i n  the out-of-trim pitching-moment coeff ic ient  of 0.011. 
Except for the  reduction i n  pitch-up tendency the charac te r i s t ics  obtained 
with W3 = 30' are even more adversely affected than with 
data shown i n  figure 11 for  the other v e r t i c a l - t a i l  configurations also 
For 
showed a 10-percent 
Wg . The 
indicate  s i m i l a r  e f fec ts  of wing leading-edge var ia t ion on the  aerodynamic 
charac te r i s t ics .  
The presence of the outboard v e r t i c a l  tails, VZ3 , at e i the r  the  
inboard or  outboard location resulted In  a lo s s  of l i f t  as i l l u s t r a t e d  
i n  f igure 12 .  
the  I C 3 8  i n  l i f t  a l so  represents a loss i n  longitudinal s t a b i l i t y .  
r e su l t s  were obtained i n  the investiga-Gion reported i n  references I and 9. 
Since these t a i l s  a re  located behind the moment reference 
Similar 
The data of f igure 13 ehw t he  e f fec t  of f'uselage fcrebody strake, 
f2 , on t h e  longitudinal charac te r i s t ics ;  as would be expected, the 
ef fec t  on longitudinal s t a b i l i t y  is  destabi l iz ing.  
attack range no s ignif icant  e f f ec t s  of 
are noted. 
I n  the lower angle-of- 
f 2  on the l i f t -drag charac te r i s t ics  
11 
Lateral-Directional Characterist ics 
!The e f f ec t  of leading-edge p r o f i l e  on t h e  l a t e r a l - s t a b i l i t y  
parameters are shown i n  f igure  14 .  
or W3 = 30' indicated a s ign i f icant  reduction i n  CnD 
the  lift range as shown i n  f igure  1 4 .  For W3 the  reduction w a s  
g rea tes t  a t  lowest lift coefficient decreasing t c  ero and becoming 
posi t ive near a lift coef f ic ien t  of 1.3. 
leading edge, W3 = 30°, were generally much grea te r  than t h a t  of "3, 
part icular ly  i n  the  lower lift range. 
The tests with leading edge, W3 , 
over much of 
The losses  sustained f o r  
It will be noted from f igure  1 t h a t  a considerable pa r t  of t;:e wing 
leading edge lies ahead of t he  moment reference, therefore,  it would be 
expected t h a t  ar, increase i n  s ide  area such as the  addition of W3 
W.: = 30' 
charac te r i s t ic  contributes d i r ec t ly  t o  i n s t a b i l i t y  as shown i n  figure 
14(a). 
edge. As indicated i n  figure 17, the  ze r t i ca l - t a i l  contribution t c  
s t a b i l i t y ,  AC 
and its location in the  wing. me gx-:~t?st xmtr53dt i sn  is ;2ti+ir,~d wikh 
leading edge Wl apd t& l e a s t  with X3 = 3C0. It& probaijle t h a t  
reduction i n  d i rec t iona l  s t a b i l i t y  i s  associated w i t h  the  modification of 
t L u  lcsding-edge vortex. A l l  contribctions of V23 t o  s t a b i l i t y  a r e  
pos i t ive  a t  the  outboard wing locatiori but a t  the  inboard location (above 
t h e  outboard nacelles) the contribution t o  s t a b i l i t y  i s  less and is 
negative above a l i f t  coef f ic ien t  of approximately C.6; 
reeul ta  were obtained with the  ccnterline ver t icPl  t a i l ,  V6 . 
or 
woulc! increase the  side-force ?=meter (-Cy ) .  This - D 
Not al l  of the negat;.ve e f f ec t -  a r i s e  d i r ec t ly  from the  leading 
, shows t h a t  it is  dependent upon the  leading-edge contour "a 
Fornebhat s i m i l a r  
1 
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The resu l t s  of tests w i t h  the center l ine  f i n ,  V4 , and forebody 
The center l ine  f i n ,  V), , s h m  
for a limited 
stralre, f2 , are shown i n  figure 16. 
as does vent ra l  f i n ,  V6 , positive increments i n  
lift coeff ic ient  range. The loss i n  d i rec t iona l  stability probably 
results f'rm the  movement of the  v e r t i c a l  ta i l  out of t he  favorable 
with sidewash f ie ld  as would be indicated by the  var ia t ion  of 
CL . Use of the  forebody s t rake ,  f2 , gives pos i t ive  increments i n  
Cyg and provides d i rec t iona l  s t a b i l i t y  throllghout the  lift rar-,e. Tes t s  
of V h  and f2 i n  combination show pos i t ive  values of 
coeff ic ient  of 1.35. It will be noted t h a t  t he  algebraic sum of t h e  
separate values from the  s t rake ,  f2 , and f i n ,  V4 , axe approximately 
equal t o  Cn8 obtained from tests of the  combination. 
c93  
cyr3 
t o  a l i f t  cne 
Effective dihedral.- Because of the  high leading-edge sweep all 
configurations investigated showed relatf-re large values of the  e f f ec t ive  
dihedral parameter, 
t o  0.6 (see figures 1 4  t o  16). The modified leading edges, W3 and 
W3 = 30' when used alone or  i n  combination with a center l ine tail 
resul ted i n  a l c s s  of Cg, 
figureslb(a) and 14(b). 
V 2 3 , o  , had a major e f fec t  on 
e f fec ts  of the individual leading-edge configuration. Both v e r t i c a i - t a i l  
configuration, V23,0  and Vi+ , i n  cor&icu:ior. with wing, Wl , ten3ed t o  
reduce C% i n  the  low-lift  range, a desirable  charac te r i s t ic  whm 
landing i n  a s t r o w  crosswind. 
Cgg , i n  the  range of l i f t  coef f ic ien ts  from 0.5 
above lift coef f ic ien ts  of 0.6 as shown i n  B 
The presence of t h e  outbcard vertical .  t a i l ,  
i n  tha t  it tended t o  n u l l i f y  the  Cp.e 
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.A law-speed investigation has been made on a highly-swept wing model 
t o  determine the effects of wing leading edge and ve r t i ca l - t a i l  
configuratfon on the charac te r i s t ics  i n  p i tch  and s ides l ip .  
were made with trail ing-edge f laps  deflected over an angle-of-attack 
range from 8O to  32'. 
The tests 
The results are summarized as follows: 
The basic wing configuration had a pitch-up tendency t h a t  began at 
about 1l0, a modification t o  the  wing which increased the  leading-edge 
radius, extended the  angle f o r  pitchup t o  about 1g0, and use of a 
leading-edge f l a p  prac t ica l ly  eliminated the pitch-up tendency. 
modified leading edges resul ted i n  favorable increases i n  l i f t -d rag  
r a t i o  and undesirable increases i n  the angle of a t tack and pitching- 
moment coeff ic ient  f o r  a given lift coeff ic ient .  The presence of the 
outboard v e r t i c a l  tails caused a loss  of l i f t  which WRS destabi l iz ing 
i n  p i t c h ,  but use of the v e r t i c a l  tails with the basic  wing provided 
good d i r e r t i  ox?d s t a b i l i t y .  
direct ional  s t a b i l i t y  for  all ver t i ca l - t a i l  configurations and the  
direct ional  s t a b i l i t y  was decreased even more by deflection of the 
leadicg edge. 
The 
The thickened leading edge reduced the 
Positioning the outboard ve r t i ca l  tails above engine nacelles 
reduced both the longitudinal emd d i rec t iona l  s t a b i l i t y .  
s t reke i n  combination with a r e l a t ive ly  small center l ine \--ortical 
tai l  provided direct ional  s t a b i l i t y  t o  8 lift coeff ic ient  of 1.35. 
A forebody 
1 4  
The modified leading edges caused large reductiom i n  dihedrai 
effect  with the outboard vertical t a i l s  off abcve lift coefficients 
of 0.6,  however, with the vertical t d l s  on there vas little 
difference i n  dihedral effect.. 
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cZF 
W i n g  (Reference Dimensions) 
Area, sq ft 
span, ft 
Chord, ft 
Aspect r a t i o  
Sweep of leading edge 
Main wing, deg 
Tip, del3 
(Actual Dimensions) 
Area, sq f t  
Chord, ft 
Aspect ra t io  
Sveep of leading edge 
span, ft 
wing, deg 
Center, deg 
Tip, deg 
Horizontal Tail, Bb 
Root chord, f t  
Tip chord, ft 
span, ct (panel) 
Area, sq ft (panel) 
Leading-edge sweep, beg 
Trailing-edge sweep, deg 
Dihedral angle, deg 
Incidence angle, deg 
8.908 
3.804 
3 192 
1.624 
74 
65 
io. 160 
4.133 
3.456 
1.682 
74 
70.5 
60.0 
9.000 
1.121 
0 155 
0.203 
0.853 
0.310 
0.190 
0 372 
60.0 - 2.0 
-15.0 
0 
TABLE I - C m  
'23 
Area, sq ft (each) 
Root chord, ft (approximate) 
Tip chord, ft 
span, ~t (approximate) 
Sweep of the leading edge, deg 
Sweep of the trai l ing edge, deg 
v4 
v6 
Area, sq f't 
Sp-9 ft 
Root chord, ft 
Tip chord, ft 
Sweep of leading edge, deg 
Sweep of trailiw edge, deg 
Rudder area, sq Pt 
Ventral f in  area, sq ft 
0.219 
1.28 
0.17 
0.335 
74.5 
17.2 
0.190 
0.408 
0.78 
0.150 
52 
14.9 
0.0986 
0.1910 
3 
I - I  
al 
5 
c 
0 
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Figure 5.- Typical profiles of the leading-edge flaps, 11-3 . 
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Figure 9.- Dra?dng of the inboard and outboard engine nacelles, E2 . 
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